[1] The timing of shear along many important strike-slip faults in Southeast Asia, such as 7 the Ailao Shan-Red River, Mae Ping and Three Pagodas faults, is poorly understood. 8 We present 40 Ar/ 39 Ar, U-Pb SHRIMP and microstructural data from the Ranong 9 and Khlong Marui faults of Thailand to show that they experienced a major period of 10 ductile dextral shear during the middle Eocene (48-40 Ma, centered on 44 Ma) which 11 followed two phases of dextral shear along the Ranong Fault, before the Late Cretaceous 12 (>81 Ma) and between the late Paleocene and early Eocene (59-49 Ma). Many of the 13 sheared rocks were part of a pre-kinematic crystalline basement complex, which partially 14 melted and was intruded by Late Cretaceous (81-71 Ma) and early Eocene (48 Ma) 15 tin-bearing granites. Middle Eocene dextral shear at temperatures of ∼300-500°C formed 16 extensive mylonite belts through these rocks and was synchronous with granitoid vein 17 emplacement. Dextral shear along the Ranong and Khlong Marui faults occurred at the 18 same time as sinistral shear along the Mae Ping and Three Pagodas faults of northern 19 Thailand, a result of India-Burma coupling in advance of India-Asia collision. In the 20 late Eocene (<37 Ma) the Ranong and Khlong Marui faults were reactivated as curved 21 sinistral branches of the Mae Ping and Three Pagodas faults, which were accommodating 22 lateral extrusion during India-Asia collision and Himalayan orogenesis.
. Regional tectonic map of Thailand and adjacent regions. Modified after Leloup et al. [1995] , Morley [2002 Morley [ , 2004 , and Polachan [1988] . A detailed map of the Thai peninsula (boxed) is given in Figure 2 .
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XXXXXX XXXXXX 212 deform all exposed lithologies (Figure 2 ). The faults have 213 been described by Watkinson et al. [2008] and Watkinson 214 [2009] . The two fault zones have similar topographic and 215 geologic expression. Kilometer-scale slivers of strongly 216 sheared mid-crustal rocks, including schists, migmatites, 217 ortho-and paragneisses, crop out within, and are typically 218 bounded by curvilinear brittle faults. Exposed slivers of 219 ductile fault rocks bounded by brittle faults and surrounded 220 by non-metamorphic rocks are termed 'ductile fault cores' 221 here for simplicity. At least five ductile fault cores crop 222 out along the RF, and a single one crops out within the KMF 223 (Figure 2 ). An additional N-S trending belt of dextral 224 mylonite is exposed near Pran Buri at the extreme northern 225 end of the RF [e.g., Charusiri, 1989; Tulyatid, 1991; 226 Watkinson, 2009]. Ductile fault cores are named after the 227 mountain (Khao) on which they are centered. Details of 228 ductile fault rocks from which the dated samples were 229 collected are given below. 230 3.2.1. Sheared Migmatites 231 [17] Migmatite belts exposed along the RF and KMF are 232 part of a pre-kinematic Paleozoic-Mesozoic regional meta-233 morphic basement complex that was sheared and locally 234 exhumed by movement along the faults. Biotite-rich stro-235 matic (layered) migmatites are most common. Granitic 236 leucosomes form fine intrafolial sheets, lenses, pods and 237 larger veins (Figure 3a ). Post-anatectic mylonitisation is 238 ubiquitous and locally intense. Biotite and sillimanite define 239 a schistose foliation that is locally deflected into oblique 240 shear planes. All kinematic indicators indicate dextral shear. 241 Stretched pebbles of quartz and granite ( Figure 3b) indicate 242 that the protolith may be glacio-marine [Stauffer and 243 Mantajit, 1981] pebbly mudstones of the Kaeng Krachan 244 Group, which crop out extensively outside the shear zones 245 along the Thai peninsula. Locally quartz-biotite mylonites 246 similar to the migmatite mesosome lack sillimanite and melt 247 veins, and may be lower metamorphic grade equivalents of 248 the stromatic migmatites. Boudinage of quartz layers within 249 the mylonitic foliation is widespread (Figure 3c ). 250 [18] Sheared gneissic nebulitic (diffuse) migmatites are 251 limited to the central part of the RF, locally showing almost 252 complete anatexis (Figure 3d ). Diffuse hornblende mela-253 nosomes surround leucocratic areas. Hornblende and garnet 254 form nuclei for asymmetric biotite pressure shadows. Post-255 anatectic mylonitic fabrics are more variably oriented than 256 elsewhere in the fault zones, but kinematic indicators such 257 as rolled porphyroclasts, stair-stepping and sigma-type 258 objects, asymmetric boudinage and shear bands show dex-259 tral shear parallel to the RF. 414 maintainedat −132°C, and a SAES GP50 getter. The puri-415 fied gas was then expanded into a Nu Instruments Noblesse 416 mass spectrometer and isotopic ratios were measured in 417 static mode. For this study argon isotopes were measured 418 using a Faraday detector for m/e 40, and ion counting 419 multipliers for m/e 39, 38, 37, and 36. Data were collected 420 for a period of 300 s, and time zero intercepts were deter-421 mined by linear regression of the data. Inter-calibration of the 422 detectors was done using repeated air pipette measurements. 423 Data were collected for a period of 300 s, and intercepts were 424 determined by time zero regression of the data. 425 [29] Data and ages reported in Table 2 and Data Set S1 of 426 the auxiliary material have been corrected for blanks, mass 427 discrimination, radioactivity subsequent to irradiation, and 428 interfering isotopic reactions. Figure 5 . In this study, the 433 emphasis during zircon analysis is on rim ages. None of the 434 deformation occurred under conditions hot enough to grow 435 new zircon rims or significantly alter existing rims. Therefore 436 the youngest rim ages are taken to record emplacement ages. 437 Older cores represent inherited grains, and are not considered 438 further here.
439
[31] Gas release spectra for 40 Ar/ 39 Ar analyses from Plateau, inverse isochron, and total fusion ages, MSWD and 443 probability values are summarized in (Figure 2 ). Fifteen SHRIMP analyses on 13 zircon 489 grains yielded ages around 80 Ma, mostly from grain rims 490 ( Figure 5 ). Omitting one analysis (#7-1) with unacceptably 491 high common Pb correction, and an inherited core (spot A5-492 2, 184 ± 2 Ma), the remaining 13 analyses show scatter in 493 excess of that expected for a single age population (i.e., 494 MSWD = 3.7). Omitting the two oldest analyses (including 495 the second core analysis #6-2), under the assumption they 496 overlap with inherited ages, lowers the MSWD to an 497 acceptable level for a single population at 79.9 ± 0.7 Ma 498 (2s; n = 11; MSWD = 1.25). This is taken to be the 499 emplacement age of the rock.
500
[35] Zircon sample KHC120Z is from a strongly mylo- Ar gas release spectra for samples from the Khlong Marui Fault. See Table 2 and text for details.
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XXXXXX XXXXXX 532 sample, rather than the much finer biotite of the matrix. Biotite 533 grains taper from an attachment point on the porphyroclast, 534 with a dextral stair-stepping geometry (Figure 10a ). Similar 535 large biotites are associated with complex fragmented por-536 phyroclasts, and their mode of formation is a combination of 537 strain shadow and inter-boudin growth. Such grains must 538 have grown during dextral shear, because porphyroclasts and 539 porphyroclast boudins would not have been foci for asym-540 metric biotite growth before shear, and inter-boudin space 541 would not have existed. We interpret 40 Ar/
39
Ar plateau ages 542 from such grains to be equal to, or younger than the age of 543 ductile dextral shear, which, in the Khao Pho Ta Chong 544 Dong area of the RF must have occurred at or before 44.88 ± 545 0.51 Ma. Table 2 and text for details. 567 and crystallized before dextral shear began. The granite has 568 a locally inter-fingering, gradational or sheared relationship 569 with a belt of migmatites, which are also pre-kinematic with 570 respect to ductile dextral shear. 571 [39] Large biotite grains in sample KSO144B are con-572 centrated within dextral shear planes (Figure 10b) . Their 573 large size relative to fine matrix biotite shows that they grew 574 in situ, and are not simply rotated matrix grains, while their 575 restriction to dextral shear planes indicates that they grew 576 during this phase of deformation. Biotite grains selected for 577 dating are comparable in size to the shear band micas, and 578 we infer that our results relate implicitly to this coarser grain 579 population. These coarse biotite grains yielded an 40 40 Ar/ 39 Ar systematics completely reset during or after shear, 610 with the plateau ages obtained taken to represent a youngest 611 limit on the timing of ductile shear. 612 [42] A sliver of unfoliated biotite granite about 15 × 613 1.5 km in map view lies west of the large mylonitic granite 614 belt at Khao Sai On (Figure 2 ). Its 40 Ar/ 39 Ar plateau age of 615 46.09 ± 0.55 Ma (KSO115B) indicates that it was emplaced 616 and cooled before the middle Eocene. The young early 617 heating steps from this sample may represent argon loss in 618 the outer rim of the grains due to weathering, but may also 619 indicate that it was a cool, rigid fragment that acted as an 620 undeformed mega-porphyroclast that suffered some heating 621 during post-emplacement ductile deformation in the adja-622 cent dextral shear zone. cooling event at ∼49 to ∼51 Ma.
650
[45] The first heating step in the KLR59B gas release 
